Introduction: Lung cancer is the deadliest cancer worldwide. In Portugal, the disease remains the main cause of cancer death in males. Aim: This study aims to evaluate the demographic and clinical characteristics of lung cancer patients diagnosed and treated in northern Portugal hospitals from 2000 to 2010. Patients and methods: Twelve hospitals in the north of Portugal contributed to this study. The demographic and clinic characteristics of the patients registered in each hospital from 2000 to 2010 and the patterns of their occurrence were analyzed. Results: During an 11-year period (2000---2010), 9767 lung cancer patients were registered in the participating hospitals. Comparing the number of the patients registered in the year 2000 to those registered during 2010, there was a significant increase in lung cancer cases. Females represent only 20% of the total registered lung cancer cases; however, during the study period, the number of female patients increased by 30%. A significant number of the patients, 3117 (48.6%), had poor performance status at presentation. The adenocarcinoma histology became more preponderant over the study period. Most of the patients were diagnosed as stages IIIB or IV: 7206 of 9267 (77.8%). Chemotherapy was the treatment of choice for 3529 (40.4%) patients, whereas surgical treatment was achieved in 1301 (14.9%) cases. Conclusion: A significant number of lung cancer patients have been diagnosed and treated in hospitals in northern Portugal, and the incidence of the disease among females has been increasing. The overwhelming majority of the tumors were diagnosed in advanced stage; nevertheless, surgical treatment was possible in 14.9% of the patients. © 2012 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L. All rights reserved. 
Introduction
Lung cancer is the deadliest cancer worldwide. 1 In 2008, 1.61 million new cases were diagnosed and 1.38 million of deaths occurred, 1 illustrating the aggressiveness of the disease.
In Portugal, lung cancer remains the main cause of cancer death in males. 1 Over the past 50 years until the 1990s, lung cancer mortality had increased sharply; in recent years, however, it has slowed down among males. 2 Female lung cancer patients represent only 20% of the total number of cases in Portugal, but a growing trend has been observed in the last few years. 2, 3 The importance of obtaining knowledge about lung cancer trends in the northern part of Portugal and the need to harmonize diagnostic and therapeutic strategies has always been recognized. These were the goals of a group of lung specialists in northern Portugal when they started a discussion forum specifically to deal with these matters. These chest physicians voluntarily worked together for more than a decade, discussing clinical cases with problematical or unusual features. Afterwards, they expanded their interests to recent technological and scientific developments and to the study of the epidemiology of the disease in the region where they work.
Aim
The study aims to investigate the demographic and clinical characteristics of lung cancer patients diagnosed from 2000 to 2010 in hospitals in northern Portugal, as well as to identify and describe the patterns of lung cancer occurrence and the strategies for treatment during the same interval.
Patients and methods
Twelve hospitals contributed to this study (Centro Hospitalar Vila Nova de Gaia, Centro Hospitalar S. João, Instituto Português Oncologia-Porto, Centro Hospitalar Vila Real e Trás os Montes, Hospital S. Marcos (Escala Braga), Hospital Pedro Hispano, Centro Hospitalar Alto Minho, H. Guimarães, Centro Hospitalar entre Vouga Douro, H. Famalicão, H. Barcelos e H. Joaquim Urbano). Accrual of patients in each hospital followed the usual clinical conditions, that is, by selfreference (symptomatic people who seek medical attention at the Urgency or General Consultation units) or by referral from other hospitals or clinics to clarify symptoms, signs, or suspicious changes in diagnostic procedures often performed for another reason. When diagnosis and treatment had been done in different hospitals, for patient registration purposes, only the hospital responsible for the treatment was taken into consideration. The year of diagnosis, the hospital where patients were diagnosed/treated, sex, age, smoking habits, performance status (PS), histology/cytology, stage (TMN), the first treatment option, and the date of death were included in an anonymous database. In this study, all the characteristics listed in that database, except survival, were analyzed. The characteristics were transformed, as appropriate, into continuous or discrete variables before analysis. Using the variable PS, a new dichotomic variable was generated to classify the patients into two categories: those with no or a slight general condition compromise (PS 0 or 1, codified as ''0'') and those with significant daily life limitation (PS 2 or more, codified as ''1''). Because this is a multiyear study, we analyzed the trends of some variables and the interaction between them. We used as reference the data on lung cancer incidence and mortality published in international databases. 
Results
Throughout the study period, 9767 patients with lung cancer were registered (Table 1) . There was an increase in the absolute number of cancer cases registered in all hospitals during the study (Fig. 1) . The 634 lung cancer cases registered by the year 2000 correspond to the 1284 cases in 2010 (*Suppl. --- Table 1) .
From 2000 to 2010, the registered lung cancer patients consisted of 7792 (79.8%) males and 1973 (20.2%) females. Both showed a persistent increase throughout this 11-year period; however, among women, the growth pattern seems sharper (Fig. 1) . The median age was 66 years (Table 1 ). Only 5% of the patients were aged 45 years or younger, and 22% of cases were 75 years or more ( Table 1) .
The smoking habits of lung cancer patients are genderrelated. Whereas the smokers and ex-smokers with lung cancer are mostly males, the overwhelming majority of nonsmokers with lung cancer are women. The occurrence of lung cancer in nonsmokers remained stable, whereas a small increase was found among former smokers (Suppl. Fig. 2 ).
The performance status was evaluated in only 6395 patients (67.4%; Table 1) . A large number of the patients, 3162 (48.5%), had significant general condition compromise: 1851 cases (28.9%) with PS 2 and 1257 (19.6%) with PS 3 and 4. We found ( Fig. 2 ) a statistically significant interaction between PS and gender, year of diagnosis, age group, smoking habits, cytology/histology, extensive stage, and metastatic disease. The patients with poor PS tended to be males, older, smokers or former smokers, and small cell lung cancer cases with disseminated disease at presentation and whose diagnosis had been established at the beginning of the study period (Fig. 2) . Cellular type adenocarcinoma became more dominant (Fig. 3 ) over the period of study, whereas squamous cell and small cell carcinomas decreased.
An overwhelming predominance of advanced cancers was observed in 6997 patients (77. in stage IIIB cases and an increase in stage IV cases were observed throughout the study period (Fig. 3) .
There has been an increase in application of multimodal treatment strategies for lung cancer. Almost one-fourth of the patients, 2028 (23.2%), were treated using a multimodal treatment strategy (Table 1) .
For 1999 (22.9%) patients, the only possible initial treatment was the best supportive care. For a significant number of the patients, 3529 (40.4%), chemotherapy was the first treatment option. Surgery was chosen as a single treatment in 761 (8.8%) cases. A combined strategy as first-line therapy was the choice for 2028 (23.2%) patients, whereas radiotherapy as a single treatment was used in only 406 (4.6%) patients.
Compared to 2001, combined modalities including surgery, in 2010, accounted for double the number of the patients. This strategy had a huge influence on the proportion of patients treated with surgery, which increased from 8.8% to 14.9%.
Discussion
This study was made possible by the persistence and willingness to improve of all the physicians in the lung cancer field working in hospitals in northern Portugal. In addition to meeting many of our expectations, the analysis we conducted also revealed certain findings that need discussion and, ultimately, require explanation.
The first challenge is related to the huge increase in registered lung cancer cases, which doubled over the study period. This trend is not easy to explain, as looking at the incidence of lung cancer cases and the mortality rates in Portugal, for the same period, 1,2,3,6,7 there is no valid reason for this increase (Fig. 4) . Lung cancer incidence did increase somewhat but not enough to explain the figures registered in the hospitals studied. 3, 6, 7 This leaves either one or both of two possible explanations: registry failures and non-exhaustive patient referrals to the diagnostic and treatment centers, mainly at beginning of the study period. These explanations are hard to accept considering the characteristics and aggressiveness of the disease, which means we did not find a completely satisfactory explanation for the increase in lung cancer cases. Lung cancer primarily afflicts individuals over the age of 60 years. Young adults account for only 5% of cases (<45 years) 6, 7 ;
Lung cancer portugal incremental trends according 1998 incident rates however, among people 45---50 years old, the number of registered cases doubled (Table 1) .
Another important issue is related to the pattern of occurrence of lung cancer among females, which showed a higher increase than expected. This occurrence was apparently not linked to smoking habits (*Suppl. Figs. 1 and 2 ). In Portugal, female lung cancer patients accounted for 20---25% of the total lung cancer cases in 2008. 7 These figures are quite similar to the proportion of lung cancer diagnosed in females during the study, which was around 20%, a long way from the 34.5% lung cancer incidence in females in the ''eurozone''. 1, 3 Smoking was the single most common cause of disease given by at least 80% of lung cancer patients. The proportion of lung cancer in nonsmokers was slightly more than 20%. Throughout the study period, it is worth noting that the proportion of lung cancers stabilized in nonsmokers, progressively decreased in smokers, and increased in former smokers. This pattern of occurrence 7---10 could be related to changes in attitude within society regarding smoking and fear of the risk of lung cancer.
The performance status of the patients represents a decisive factor in the choice of treatment. Evaluation of the repercussion of the disease on PS shows that, although the majority of patients were in good physical condition at the time of diagnosis, 48.6% of them were severely limited. Unlike other malignancies, the rather large proportion of patients with poor PS is an unusual occurrence among lung cancer patients. 11 In our study, the proportion of patients with good PS increased over the study period. In the past decade, better socioeconomic conditions could explain the better PS. During the decade in which the study was conducted, there was a significant change in how and where people lived. This could, at least in part, explain the better PS without any stage shift. This trend could be related to patients' easy access to specialized lung cancer centers. However, this explanation is difficult to justify because it was not associated with a higher proportion of tumors diagnosed at early stages.
12--- 14 The proportion of tumors that are potential candidates for surgical treatment remained stable, whereas locally advanced disease ---stage IIIB ---decreased in the same proportion as the increase in metastatic tumors. These changes between stages IIIB and IV seem to indicate the clear influence of a well-known phenomenon that explains stage migration: the ''Will Rogers phenomenon''. 15 The most probable explanation is the use of a new staging method that allows for more accurate classification.
The predominance of adenocarcinoma and the consequent reduction in squamous cell and small cell carcinomas are other important issues that occurred during the study period. These changes, although not yet completely clarified, seem to be related with changes in the type of tobacco the patients smoked 9, 10 and their possible consequences (changes in the particle dimensions and the lung areas affected). Moreover, new techniques of pathology evaluation and new classifications may have influenced our results.
Regardless of all these efforts, the reality remains that year after year, nearly 80% of the patients in the northern hospitals had extensive disease at diagnosis, so that they would not qualify them as candidates for potentially curative treatment. Given this situation, the treatment option for most of these patients was chemotherapy, and the only option for almost 2000 patients was the best supportive care. This is not a unique situation; unfortunately, it happens more or less worldwide and should be a stimulus for research into new strategies to avoid such a large number of patients being diagnosed at such a late stage of the disease. Screening for lung cancer could be the answer, but further evidence is needed. Surgery is still the best treatment option we have at present; however, only a small proportion of patients, 767 (8.8%), qualified as candidates without restrictions. Combinations of chemotherapy and/or radiotherapy before and after surgical interventions allowed for the recovery of potential curative treatment patients, who otherwise could not have benefitted from this strategy. Throughout the 11-year study period, this strategy allowed 534 (6.1%) patients to recover for surgical treatment, increasing the proportion of patients operated by 41% (6.1% of 14.9%) and, thus, the consequent expectation of better quality of life and survival. Additionally, the possibility of widespread use of target therapies (tyrosine kinase inhibitors), not only as second-and third-line treatments but as a first-line option for patients with extensive disease harboring active EGFR mutations and EML-ALK translocations, could influence the global life survival of lung cancer patients.
Conclusion
The lung cancer cases diagnosed and treated in hospitals in northern Portugal accounted for 1059 (32.2%) of the 3288 total cases registered in the country in 2008. Based on the same total incidence (3288), the proportion of lung cancer cases in the northern hospitals could be said to have increased to 39.5% (1284) in 2010.
The evolution of lung cancer among females is relevant and should be monitored. The high proportion of advanced lung cancer cases diagnosed each year is, unfortunately, a reality that entails huge economic and social costs. Given the socioeconomic burden of the disease and the resources involved in diagnosis, treatment, and palliative care, lung cancer should be included in the national respiratory health strategy.
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